). Phase transition is preceded with preset yellow and all-red clearance.
the maximum green period has completed or when actuation is detected from detectors on the cross links. The later is determined by whether or not an increment al green value is defined for the current phase. At the end of each maximum green period, any outstanding actuation will be saved as recalls and carried over to next phase as new actuation.
As in semi-actuated control, phase transit ion is preceded with preset yellow and all-red clearance.
In THOREAU actuated signal control is simulated with signal controller and detector objects. The controllers are defined by a SGNL input file that specifies controller type, signal control parameters such as minimum green time, maximum green time, and incremental green time for each phase, and the association of detectors to the controller.
The cent roller objects set the sig,nal colors as defined by the specified times subject to interrupts from detectors. The operation of a total actuated controller is similar to that of the semi-actuated control except that detectors are placed on all approaches and each phase is assigned minimum, maximum, and increment al green intervals (see Figure lB) . Each link has its own phase associated with its link orientation (SN or WE) and a cross phase (VVE or SN) for traffic on the links crossing this link. Each phase is given its minimum green period that can be extended to reach the maximum green period if no actuation is detected by the detectors for the cross phase. Phase transitions occur either when 
where vi is the actual flow rate in vehicles per hour (through the corridor at node i) , Si is the saturated flow rate in vehicles per hour green, C is the cycle length, and gi is the green time allocated to corridor traffic at node i.
Since CTT, CQL, CST, and VCRi are different measurements with distinct units and ranges, the functions, fI, fz, f3, and~4 must provide an appropriate normalization process that will map each measurement onto a common range of interval, (a, f?), with the boundary conditions~l(CIT) =~2(0) =~3(0) = 4(0) =~and~1(~) =~z(oo) =~s(oo) =~4(1) = P. In the initial implementation, we will choose the interval (O, 1) as (a, @ with the exception of~4 for which a value bigger than 1 may be obtained.
It is expected that the functions fl, fz, f3, and f4 are strongly correlated; hence, the proposed weighted sum approach for the CCI computation wil provide the necessary flexi- The critical corridor, C", is the corridor with the worst CCI among the corridors with a given priority or the one with the worst CCI if no priority is given. Once C" is determined, the Webster-Cobbe algorithm (Webster and Cobbe, 1966) is used to determine a new cycle time for the bottleneck intersection, i.e., the node with the worst critical queue length or volume to capacity ratio.
Then all controllers in C* are assigned that same cycle time, whereas their phase splits are computed separately to best serve individual intersections. The offset of each controller along the corridor C" is set to achieve a progressive green wave given the current traffic flow rate (recall that, by definition, there is only one direction of trafhc flow on a corridor).
The corridor signal controller optimization is repeated for all the remaining corridors that are disjoint to corridors already optimized until all corridors are processed.
The remaining corridor fragments or isolated intersections may be operated in either fixed time, semi-actuated mode, total actuated mode, or the Webster-Cobbe algorithm mode as they are defined in the signal input file. Figure 2 illustrates the THOREAU adaptive ATMS algorithm based upon the corridor travel time optimization framework.
A graceful phase transition of cycle times for all the signal controllers operating asynchronously in a corridor to a synchronized corridor is simulated by a simple strategy as follows. First, the current cycle of the critical node, N" , is completed as it is; however, the For other nodes in the same corridor, the offsets corresponding to the desired green wave will be determined; transitions from existing cycle time to the target cycle time will be done by scaling the next cycle time to terminate at the correct time offset relative to the bottleneck node within the corridor. The adjustment is needed only once and will be equally distributed to all sub phases of the scaled cycle to follow. corridor optimization procedure, UserProcCORI, will be called periodicafiy at the end of each ATMS cycle if the ProcCORI keyword is present in the THOREAU master control file. The detailed input/output data structure for each argument in UserProcCORI procedure is explained in the THOREAU User Manual (Codelli, Glassco, et al. 1995) . Figure 4 illustrates such an urba,n traffic network with 10 corridors (2 opposite corridors for each of the Pennysylvania Avenue and 19th Steet and 6 corridors for the ramaining one-way streets). A semi actuated signal controller was placed at the intersection of 21st and H Streets while a total actuated signal controller was placed at the intersection of 20th
and H Streets to check out the simulation of actuated signal control. Actuated signal controllers operate independently with respect to corridor signal controller optimization.
Five cases with 25 scenarios were simulated to determine the expected benefits as results of implementing some ATIS/ATMS alternatives. Case 1 depicts the profile of a baseline model with fixed timing plan;
Case 2 depicts the profile of adaptive signal optimization using the Webster and Cobbe algorithm for individual intersections.
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Case 3 depicts the profile of 50% ATIS equipage using the Floyd shortest path in travel time to route vehicles from the current link to the destination link.
Case 4 depicts the profile of coordinated corridor optimization for the critical corridor and bottleneck node.
Case 5 depicts the combined gain for all ITS options enabled; i.e., 5070 ATIS equip age with corridor optimization and Webster-Cobbe optimization for isolated intersections. 
